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Abstract 

The  disposal  of  batteries  is  a  problem  that  has  grown  in  the  last  few  years,  due  to  the  increase  in  the  use  of  portable  devices.  Batteries 
may  contain  toxic  metals  such  as  cadmium,  mercury  and  lead,  so  their  disposal  must  be  controlled.  Brazil  was  the  first  country  in  Latin 
America  to  regulate  the  disposal  and  treatment  of  batteries.  Limits  were  established  on  the  concentration  of  heavy  metals  within  batteries, 
so  that  they  could  be  disposed  along  with  domestic  waste.  Since  batteries  are  products  used  broadly,  it  is  very  difficult  to  control  their 
disposal.  In  order  to  have  an  efficient  collection,  the  population  must  be  engaged,  and  that  can  only  happen  if  they  are  informed  about 
the  laws  and  regulations  regarding  the  subject,  as  well  as  the  importance  of  disposing  of  batteries  with  higher  concentrations  of  heavy 
metals  or  toxic  substances  separately  from  domestic  garbage.  Around  the  world,  there  are  some  long-established  recycling  processes  for 
batteries.  In  Brazil,  automotive  (lead-acid)  batteries  have  been  recycled  for  several  years,  whereas  the  recycling  of  other  types  of  batteries 
is  just  starting.  This  work  does  an  analysis  of  the  Brazilian  law  for  battery  recycling  and  presents  some  suggestions  and  examples  of  the 
initiatives  of  other  countries,  in  order  to  manage  of  this  kind  of  dangerous  waste. 

©  2004  Published  by  Elsevier  B.V. 
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1.  Introduction 

In  the  last  decades,  there  has  been  a  significant  increase 
in  the  quantity  of  batteries  disposed  of  as  domestic  waste. 
This  fact  and  the  possibility  of  environmental  impact  due 
to  the  improper  disposal  of  batteries  have  caused  several 
countries  to  establish  regulations  about  the  disposal  of  such 
products  motivate  their  recycling.  Brazil  was  the  first  coun¬ 
try  in  Latin  America  to  regulate  the  disposal  of  batteries. 
The  present  work  contains  a  summary  of  such  regulation 
since  1999.  It  also  compares  other  countries  experiences 
and  offers  a  general  view  of  the  consequences  of  such  reg¬ 
ulation  on  the  recycling  of  batteries  in  Brazil.  Furthermore, 
it  presents  some  suggestions  and  initiatives,  which  may 
help  in  the  management  of  this  type  of  municipal  solid 
waste. 


*  Corresponding  author.  Tel.:  +55-11-3091-5546; 
fax:  +55-11-3091-5243. 

E-mail  addresses:  amb@vortex.ufrgs.br  (A.  Moura  Bernardes), 
jtenorio@usp.br  (J.  Alberto  Soares  Tenorio). 

0378-7753/$  -  see  front  matter  ©  2004  Published  by  Elsevier  B.V. 
doi :  10. 1016/j  .jpowsour. 2004 . 02 . 023 


2.  Brazilian  policy  on  batteries  disposal 

In  30  June  1999,  the  fabrication  and  disposal  of  batter¬ 
ies  was  regulated  in  Brazil  by  Brazilian  Government’s  Or¬ 
ganization  named  Conselho  Nacional  de  Meio  Ambiente 
(CONAMA)  which  is  the  Brazilian  Environmental  Coun¬ 
cil.  This  was  done  through  CONAMA’ s  Resolution  number 
257/99.  Following,  there  are  transcripts  of  parts  of  this  Res¬ 
olution. 

Article  1:  After  the  end  of  their  life,  batteries  contain¬ 
ing  lead,  cadmium,  mercury  and  its  components,  shall  be 
delivered  by  end  users  to  the  establishments  from  where 
they  were  purchased,  or  to  the  technical  assistance  net¬ 
work  established  by  the  respective  manufacturer,  to  be  for¬ 
warded  to  such  manufactures  or  to  the  importers,  which 
will  adopt,  directly  of  through  third  parties,  the  proce¬ 
dures  of  reutilization,  recycling,  treatment  and  a  correct 
environmental  final  disposal. 

Article  5:  Beginning  from  1  January  2000,  the  fabrica¬ 
tion,  importation  or  commercialization  of  batteries  must 
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respect  the  following  limits: 

•  Up  to  0.025%  in  mercury  weight,  for  zinc-manganese 
and  alkaline-manganese  batteries; 

•  Up  to  0.025%  in  cadmium  weight,  for  zinc-manganese 
and  alkaline-manganese  batteries; 

•  Up  to  0.400%  in  lead  weight,  for  zinc-manganese  and 
alkaline-manganese  batteries; 

•  Up  to  25  mg  of  mercury,  for  button  cells. 

Article  6:  Beginning  from  1  January  2001  (...): 

•  Up  to  0.010%  in  mercury  weight,  for  zinc-manganese 
and  alkaline-manganese  batteries; 

•  Up  to  0.015%  in  cadmium  weight,  for  zinc-manganese 
and  alkaline-manganese  batteries; 

•  Up  to  0.200%  in  lead  weight,  for  zinc-manganese  and 
alkaline-manganese  batteries. 

The  Resolution  establishes  deadlines  in  which  the  man¬ 
ufacturers  and  importers  shall  implement  systems  for  the 
collection,  transportation,  storing,  reutilization,  recycling, 
treatment  and  final  disposal  of  batteries.  Batteries  which 
meet  the  limits  or  specifications  mentioned  above  may  be 
disposed  of  by  end  users  together  with  domestic  waste. 

The  Resolution  appears  to  be  very  conservative,  since 
the  majority  of  the  limits  are  within  those  already  followed 
by  batteries  manufacturers  for  some  years.  Especially  NiCd 
and  acid-lead  batteries  are  subject  to  greater  control  by  the 
industry. 

It  must  be  stressed  that  the  environmental  consequences 
of  heavy  metals  are  greatly  dependent  on  the  conditions  in 
which  they  are  present  in  the  product.  So,  for  example,  when 
Resolution  257/99  establishes  a  limit  of  250  ppm  (0.025%) 
of  mercury  in  the  batteries  it  does  not  take  in  consideration 
that  in  most  batteries  the  substance  is  in  a  soluble  condition 
and  this  would  classify  them  as  dangerous  waste  if  one  uses 
the  same  classification  process  used  for  industrial  waste. 

NiCd  batteries  are  not  within  the  limits  established  by 
the  Regulation,  since  they  contain  around  17%  of  Cd  [1,2]. 
Consequently,  their  collection  and  destination  are  regulated 
by  CONAMA’s  Resolution  257/99.  Recycling  NiCd  batter¬ 
ies  is  one  of  the  alternatives  offered  by  the  Resolution  for 
the  destination  of  this  type  of  battery.  Environmental  Crimes 
Law  number  9.605/98  punishes  with  1-4  years  in  prison, 
plus  fine,  for  those  who  are  caught  disposing  of  these  ma¬ 
terials  in  common  garbage,  together  with  domestic  waste. 
Brazil  is  the  only  country  in  South  America  which  already 
has  laws  on  the  subject. 

Presently,  the  firms  who  sell  batteries  that  need  adequate 
collection  and  destination  already  have  an  organized  collect¬ 
ing  system  and  the  destination  of  such  batteries  depends  on 
each  firm.  According  to  Riedler  [3],  who  studied  the  present 
situation  of  batteries  in  the  Municipality  of  Sao  Paulo,  the 
population’s  lack  of  knowledge  regarding  the  pertinent  laws 
and  regulations  on  the  subject  was  the  biggest  problem  de¬ 
tected  in  the  collection  and  destination  system. 


3.  International  situation 

Most  of  the  specific  legislation  on  portable  batteries  was 
implemented  during  the  decade  beginning  in  1990.  They  are 
generally  focused  on  mercury  restriction  in  alkaline  batter¬ 
ies,  dry  batteries  and  button  batteries,  and  also  of  NiCd  bat¬ 
teries.  Nevertheless,  in  some  countries  such  as  Switzerland, 
Norway,  Sweden  and  Germany,  there  is  a  general  require¬ 
ment  for  battery  collection  which  consequently  is  not  lim¬ 
ited  to  specific  types  of  batteries  [4] . 

Many  types  of  batteries  contain  heavy  metals  and  toxic 
substances  in  their  composition,  therefore,  they  are  poten¬ 
tially  dangerous.  In  a  landfill,  they  are  the  main  source  of 
Hg  and  Cd,  which  can  be  washed  out  by  the  rain,  causing 
soil  and  underground  water  contamination.  In  1989,  54% 
of  Cd  and  88%  of  Hg  in  landfill  had  such  a  source.  Be¬ 
sides  that,  other  toxic  substances  such  as  ammonium  chlo¬ 
ride  and  potassium  hydroxide  are  also  normally  used  as  the 
electrolyte  [5]. 

There  is  a  tendency  towards  the  elimination  of  mercury  in 
dry  and  in  alkaline  batteries  and  a  motivation  of  the  use  of 
systems  with  longer  duration,  such  as  rechargeable  batteries. 
There  is  also  a  tendency  towards  the  reduction  of  use  of  NiCd 
batteries,  although  it  is  a  type  of  battery  with  an  available 
recycling  technology,  while  the  other  portable  batteries  are 
not  totally  recyclable. 

Specific  legislation  on  batteries,  applicable  in  all  States 
in  the  US,  originated  with  the  Mercury-Containing  and 
Rechargeable  Battery  Management  Act,  passed  in  1996  [6]. 

European  Community  legislation  was  passed  in  1991(91/ 
157/EEC — Batteries  and  Accumulators  Directive).  The  ob¬ 
jectives  of  this  Directive  are  to  limit  the  concentration  of 
mercury,  cadmium  and  lead  in  the  batteries,  to  standardize 
the  identification  of  recyclable  batteries  and  to  develop  re¬ 
cycling  programs  [4].  Besides  that,  the  European  Directive 
has  also  the  objective  of  establishing  progressive  goals  such 
as:  up  to  2008,  develop  a  collecting  system  so  that  75%  of 
portable  batteries  and  95%  of  industrial  batteries  are  col¬ 
lected;  up  to  2009,  all  Cd  must  be  eliminated  and  recycling 
processes  shall  recuperate  55%  of  the  materials  within  the 
batteries.  The  tendency  is  to  have  all  batteries  collected  in 
all  European  countries,  especially  NiCd  batteries.  The  Euro¬ 
pean  Association  of  Batteries  Manufacturers  agreed  in  lim¬ 
iting  the  quantity  of  Hg  in  batteries  to  5  ppm  and  to  collect 
all  types  of  batteries  in  2003  [4] . 

Austrian  legislation  is  more  restrictive  than  the  European 
Community’s  Directive,  since  it  requires  the  collection  of 
all  types  of  batteries.  In  this  case,  the  responsibility  for  the 
collection  and  destination  relies  on  the  manufacturers  and 
importers.  The  Danish  Environmental  Protection  Agency’s 
plan  is  to  collect  at  least  75%  of  the  batteries  from  2002  on. 
In  Germany,  since  1998,  with  the  Germany’s  Batteries  Or¬ 
dinance,  the  responsibility  for  the  collection  and  destination 
also  relies  on  the  manufacturers  and  importers.  Consumers 
must  turn  back  any  and  all  types  of  batteries  of  whatever  ori¬ 
gin  to  a  proper  collecting  system,  in  which  all  manufacturers 
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participate.  It  is  estimated  that  900  million  used  household 
batteries  will  be  turned  back  annually,  representing  a  total 
weight  of  approximately  30,000  metric  tonnes  [4]. 

There  are  few  industries  in  Europe  capable  of  recycling 
batteries.  Special  mention  should  be  made  to  the  Accurec 
Deutschland,  in  Mtihlheim,  in  Germany,  which  uses  the 
TER  A  process  and  is  subsidized  the  German  Environmen¬ 
tal  Ministry.  There  are  also  restrictions  to  the  use  of  toxic 
metals  in  batteries,  and  the  request  of  specific  identification 
on  batteries  containing  such  metals. 

Taiwan’s  Environmental  Protection  Agency  establishes  a 
reduction  of  taxes  related  to  the  reduction  of  the  quantity 
of  toxic  metals,  in  order  to  stimulate  the  reduction  of  such 
elements  [4]. 

4.  Recycling  of  batteries 

As  political  pressures  and  new  environmental  legislation 
regulating  batteries’  disposal  occurred  in  several  countries, 
processes  were  developed  for  the  recycling  of  such  products. 

In  Europe,  in  1999,  about  76%  of  household  NiCd  batter¬ 
ies  were  still  being  disposed  in  landfills  or  incinerated  [7].  A 
similar  situation  occurred  in  the  US:  the  US  Environmental 
Protection  Agency  estimates  that,  in  1999,  although  NiCd 
batteries  represented  only  0.1%  of  urban  waste  in  weight, 
they  were  the  main  source  of  cadmium  in  incinerators.  It 
was  estimated  that  about  75%  of  cadmium  found  in  urban 
waste  incinerators  came  from  NiCd  batteries  [8]. 

4.1.  Collection 

When  discussing  battery  recycling,  collection  is  as  a  great 
problem,  since  it  depends  not  only  on  the  population’s  co¬ 
operation,  but  on  the  cooperation  of  industries,  distributors 
and  the  government.  A  good  example  when  lack  of  cooper¬ 
ation  occurs  was  a  voluntary  NiCd  batteries  recycling  pro¬ 
gram  initiated  in  Sweden  in  1993,  which  had  the  objective 
of  recycling  90%  of  NiCd  batteries  by  the  summer  of  1995. 
This  program  failed,  reaching  only  35%  of  the  batteries  [8]. 

Collection  is  a  very  complex  aspect  of  recycling,  since  as¬ 
sociated  costs  can  turn  the  operation  unfeasible,  even  though 
the  responsibility  relies  on  the  public  sector. 

Specific  legislation,  based  on  the  polluter-payer  principle, 
was  established  in  some  countries,  for  this  type  of  problem. 
This  means  that  the  manufacturer  or  the  importer  of  the 
batteries  is  also  responsible  for  its  destination,  after  it  is  used 
by  the  consumer. 

Brazil  does  not  have  such  legislation  yet,  but,  in  certain 
sectors,  there  are  some  very  interesting  initiatives  which 
deserve  analysis,  like  the  ones  regarding  aluminum  cans, 
fluorescent  lamps  and  car  batteries. 

Aluminum  is  a  good  example  of  private  initiative’s  ef¬ 
forts  towards  recycling  of  materials  used  by  the  population. 
Presently,  Brazilian  rate  of  aluminum  can  recycling  is  the 
highest  in  the  world  [9].  Besides,  aluminum  can  recycling 


industry  generates  thousands  of  jobs  in  the  whole  country, 
so  the  collection  of  the  aluminum  cans  turned  into  an  alter¬ 
native  source  of  income  for  thousands  of  poor  families  in 
Brazil. 

Fluorescent  lamps  contain  mercury  vapor  and  when  they 
are  broken  they  liberate  mercury  into  the  environment.  In 
Brazil,  there  is  a  Company  which  receives  this  type  of  lamp, 
reclaims  the  mercury  back  in  a  safe  process  and  reintroduces 
it  into  the  market,  thereby  avoiding  soil  contamination.  In 
this  case,  recycling  is  promoted  by  the  firms  which  send  the 
used  lamps  in  special  boxes  to  the  Company  for  the  recycling 
process. 

As  in  the  case  of  aluminum,  lead-acid  batteries  are  recy¬ 
cled  by  specialized  companies.  There  are  two  ways  for  col¬ 
lecting  such  batteries.  The  first  way  is  the  return  of  the  old 
battery  by  the  end-consumer,  when  buying  and  installing  a 
new  battery.  In  cases  where  the  end-consumer  purchases  a 
new  battery  to  store  it  and  install  it  in  the  car  later,  in  order 
to  collect  the  old  batteries  the  companies  use  vehicles  with 
loudspeakers,  which  circulate  around  as  fruit  and  vegetables 
vendors  do,  announcing  the  collection  of  such  batteries. 

In  the  US,  lead-acid  battery  collection  is  motivated  by 
charging  a  US$  5.00-10.00  deposit  when  the  end-consumer 
does  not  return  the  used  battery.  This  system  caused  an  in¬ 
crease  in  the  recycling  of  this  type  of  battery  from  95  to 
99%  in  1998  [8]. 

In  the  Brazilian  case,  the  above  mentioned  collection 
examples  require  no  government  initiatives  or  obligation. 
For  the  three  residues,  three  different  strategies  were  found, 
according  to  the  population’s  and  product’s  profile.  In  the 
aluminum  and  lead  cases,  economic  factors  are  the  main 
aspects  in  the  collecting  process,  even  though  the  methods 
for  the  acquisition  of  such  residues  are  quite  different. 

As  for  the  aluminum  cans,  during  a  certain  period  of  time, 
there  was  an  efficient  campaign  through  a  major  publicity 
effort,  sponsored  by  can  manufacturers,  in  order  to  enhance 
population’s  participation  and  conscience  regarding  the  as¬ 
pects  involved.  On  that  occasion,  manufacturers  were  not 
recycling  the  cans,  but  they  wanted  to  keep  a  good  image 
of  their  product.  As  for  lead  batteries,  the  strategy  was  to 
establish  sites  for  battery  exchanges,  where  the  old  batteries 
were  collected  and  the  new  ones  sold. 

The  case  regarding  fluorescent  lamps  is  very  interesting, 
since  the  cost  of  the  segregation  is  totally  covered  by  firms 
or  entities  with  an  effective  environmental  concern. 

For  some  residues,  however,  manufacturers  are  not  inter¬ 
ested  in  contributing  to  a  proper  environmental  solution  to 
the  problem.  In  such  cases,  legislation  will  be  passed  in  order 
to  enforce  environmental  protection.  Thus,  pertinent  public 
authorities  have  the  responsibility  for  passing  laws  and  reg¬ 
ulations  to  motivate  the  industrial  sector  and  to  make  them 
responsible  for  the  development  of  adequate  solid  waste 
management,  even  if  the  residues  involved  are  classified  as 
urban  waste,  and  especially  if  they  contain  toxic  substances 
or  elements  which  might  cause  damage  to  human  health  and 
to  the  environment. 
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In  spite  of  several  countries  having  specific  legislation  on 
the  destination  of  batteries,  often  the  collection  is  inefficient. 
In  Europe,  in  1995,  only  about  5%  of  household  NiCd  bat¬ 
teries  were  recycled,  while  industrially  used  NiCd  batteries 
presented  a  much  higher  recycling  of  rate,  approximately 
48%  [10]. 

Each  country  has  a  different  collection  strategy.  Germany, 
for  example,  has  tested  a  collection  strategy  of  motivating 
the  consumer  to  separate  the  batteries  and  return  them.  This 
strategy  had  a  very  poor  efficiency,  since  approximately  50% 
of  the  batteries  were  not  NiCd.  A  better  result  was  reached  by 
motivating  consumers  to  return  used  batteries  to  the  shops, 
which  sorted  the  batteries  and  forwarded  them  for  recycling 
[10]. 

In  Brazil,  a  collecting  system  for  rechargeable  batteries 
is  just  starting  and  it  is  still  difficult  to  appraise  its  effi¬ 
ciency.  Besides  that,  no  NiCd  batteries  importer  recycles 
in  the  country.  Presently,  all  rechargeable  batteries  are  sup¬ 
posed  to  be  collected  by  the  outlets  which  sold  them. 

5.  Recycling 

There  are  several  established  systems  for  battery  recy¬ 
cling  [11-13].  Such  processes  are  in  use  mainly  in  devel¬ 
oped  countries,  such  as  the  US,  some  European  countries 
and  Japan.  Brazilian  legislation  does  not  oblige  the  recy¬ 
cling  of  dry  and  alkaline  batteries,  since  their  concentration 
of  heavy  metals  is  within  established  limits. 

The  most  important  types  of  household  used  rechargeable 
batteries  are  Pb-acid,  NiCd,  NiMH,  and  Li  ion.  Pb-acid  bat¬ 
teries  were  the  first  ones  to  be  recycled  and  the  population 
for  a  long  period  of  time  has  extensively  used  it.  Their  recy¬ 
cling  process  is  established  and  they  are  recycled  in  several 
countries  around  the  world.  Countries  have  also  developed 
collection  programs  for  this  type  of  battery.  Thus,  although 
containing  Pb,  which  is  a  toxic  metal,  it  does  not  represent 
a  great  environmental  risk,  since  the  recycling  rate  is  high 
and  they  are  not  disposed  of  in  landfills. 

The  use  of  NiCd  by  the  population  became  more  sig¬ 
nificant  in  the  second  half  of  the  20th  century,  especially 
since  the  1980s,  as  a  result  of  the  great  increase  in  the  use 
of  eletronic  equipment.  At  such  time,  the  disposal  of  NiCd 
household  used  batteries  in  landfills  began  to  be  questioned, 
although  it  was  not  yet  considered  a  problem.  The  estimated 
quantities  of  disposal  of  such  batteries  indicated  that  it  would 
become  a  problem  in  a  short  period  of  time.  A  study  which 
lasted  for  100  days  showed  that  mercury  batteries  suffered 
corrosion  in  landfills  and  liberated  their  contents.  Dry  bat¬ 
teries  also  showed  evidence  of  corrosion.  During  the  100 
days  of  the  study,  the  NiCd  batteries  were  perforated,  but 
their  contents  had  not  been  liberated.  It  was  estimated  that 
lets  the  NiCd  batteries  contents  would  also  be  transferred  to 
the  leachate  of  the  landfill  [14]. 

The  NiMH  and  the  lithium  ion  batteries  do  not  contain 
heavy  metals  restricted  by  law,  but  there  is  an  international 


tendency  towards  the  recycling  of  such  type  of  batteries.  The 
use  of  those  batteries  have  increased,  substituting  the  use  of 
NiCd  batteries. 

Unfortunately,  it  is  not  always  easy  to  distinguish  on  a 
glance  one  type  of  battery  from  the  others,  and  thus  they 
are  usually  collected  altogether.  Literature  emphasizes  the 
importance  of  contamination  in  the  joint  recycling  of  mixed 
types  of  batteries.  Generally,  recycling  processes  used  for 
dry  and  alkaline  batteries  do  not  accept  contamination  with 
NiCd  batteries,  and  vice  versa. 

Presently,  mixing  NiCd  batteries  with  dry  and  alkaline 
batteries  should  be  avoided  in  pyrometallurgical  processes 
that  recycle  batteries,  since  in  the  case  of  contamination, 
the  zinc  recovered  would  be  contaminated  by  cadmium.  The 
same  observation  must  be  applied  for  the  NiCd  batteries 
recycling  processes,  in  which  cadmium  recovered  would  be 
contaminated  by  zinc. 

Another  volatile  metal  which  can  contaminate  products  in 
pyrometallurgical  processes  is  mercury,  which  does  not  only 
contaminate  the  recovered  metal  but  is  also  a  toxic  metal  by 
itself. 

NiCd  batteries’  recycling  processes  can  also  handle  NiMH 
batteries  [15],  but  the  process  is  restricted  to  the  recuper¬ 
ation  of  the  Ni  contained  in  the  batteries.  Other  elements, 
such  as  Rare  Earths,  are  not  recovered.  Hydrometallurgical 
processes  that  are  still  development  must  be  developed  in 
order  to  recover  Rare  Earths. 

Lithium  ion  batteries  are  another  type  of  batteries  which 
have  an  extensive  domestic  use,  but  there  is  not  yet  a  recy¬ 
cling  process  developed  for  this  type  of  battery.  In  Lithium 
ion  batteries,  cobalt  is  the  most  important  metal  to  be  re¬ 
covered.  Nevertheless,  research  for  the  development  of  new 
materials  for  electrodes  to  be  used  in  the  lithium  ion  system 
have  a  tendency  to  attempt  to  substitute  cobalt  for  a  cheaper 
metal,  in  order  to  reduce  final  cost  since  it  is  higher  than 
that  of  NiCd  and  NiMH  batteries. 

Processes  are  being  developed  in  order  to  separate  batter¬ 
ies  according  to  their  composition.  One  of  these  processes 
uses  X-rays  to  analyze  and  separate  the  batteries  [16-18]. 

6.  Discussion 

Several  recycling  processes  for  NiCd  batteries  are 
presently  operating.  However,  a  collection  system  for  this 
type  of  battery  is  not  yet  as  well  established  as  the  collec¬ 
tion  for  Pb-acid  batteries.  In  the  US,  the  firm  Rechargeable 
Battery  Recycling  Corporation  (RBRC)  collects  NiCd  bat¬ 
teries  and  sends  them  to  be  recycled  through  the  Inmetco 
process.  Since  2000,  RBRC  is  also  collecting  other  types 
of  batteries  for  recycling.  Besides  the  batteries  sent  in  by 
RBRC,  Inmetco  also  receives  batteries  by  mail  [19]. 

In  Europe,  the  European  Portable  Battery  Association 
(EPBA)  not  only  collects  batteries  but  also  motivates  its  col¬ 
lection  and  separation  processes  through  publicity  and  con¬ 
ferences. 
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In  Brazil,  there  are  no  associations  or  firms  responsible 
for  the  collection  of  NiCd  batteries  which  are  also  active  in 
motivating  and  informing  the  general  public.  The  collection 
is  usually  an  importers’  initiative  and  it  is  done  in  a  disper¬ 
sive  form.  There  are  no  public  sector  entities,  nor  associa¬ 
tions  or  firms  charged  for  the  collection  of  such  residues. 
The  population  is  not  familiar  with  the  Resolution  which 
regulates  batteries  disposal  and  determines  the  devolution 
of  some  types  of  batteries.  The  general  public  is  not  aware 
whether  the  batteries  they  possess  are  among  the  types  of 
batteries  that  can  be  disposed  along  with  domestic  waste  [3]. 

CONAMA’s  Resolution  257,  which  regulates  the  disposal 
of  batteries,  does  not  establish  specific  goals  for  the  collec¬ 
tion  of  the  types  of  batteries  that  must  be  collected,  as  it  oc¬ 
curs  in  Europe.  This  causes  less  efficiency  in  the  collection 
effort. 

Importers  of  NiCd  batteries  generally  receive  used  batter¬ 
ies  if  turned  in  by  end-consumers  and  only  if  the  battery  is 
one  of  the  same  brand  they  imported.  It  is  up  to  the  citizens 
to  find  out  how  to  turn  in  used  batteries  and  there  are  no 
campaigns  informing  and  motivating  people  to  forward  used 
batteries  to  the  technical  assistance  of  the  battery’s  brand. 

Cellular  phone  batteries  are  the  ones  in  most  evidence, 
since  all  who  own  one  know  that  the  battery  must  be  period¬ 
ically  recharged  up  to  the  moment  when  it  has  to  be  changed 
for  a  new  one.  But  there  are  other  electronic  products  that 
may  contain  NiCd  batteries,  such  as  toys,  emergency  lights, 
wireless  tools,  wireless  phones,  video  cameras,  notebooks 
and  many  other  equipment  that  use  rechargeable  batteries. 
The  majority  of  the  people  are  not  aware  which  type  of  bat¬ 
tery  is  inside  the  equipment  or  even  if  there  are  any  batteries 
installed  in  them  at  all. 

NiMH  and  lithium  ion  batteries  are  replacing  NiCd  bat¬ 
teries  for  household  use.  As  already  stated,  these  types  of 
batteries,  although  less  harmful  to  the  environment,  have  a 
higher  cost  for  the  consumers  and  do  not  yet  have  a  estab¬ 
lished  recycling  process  as  NiCd  batteries  do. 

The  present  battery  management  model  adopted  in  Brazil 
has  contradictions  and  flaws,  as  discussed  above.  But  one 
can  not  deny  CONAMA’s  merit  in  the  initiative  of  passing  a 
Regulation  which  is  the  first  one  in  Latin  America  to  regulate 
batteries. 

But  Brazilian  legislation  did  not  promote  the  recycling 
of  any  type  of  battery,  not  even  those  with  more  restric¬ 
tions,  such  as  Pb-acid  and  NiCd  batteries,  as  opposed  to 
what  happened  in  other  countries,  especially  in  the  US  and 
certain  European  countries,  which  have  specific  legislation 
recycling  on  batteries.  One  of  the  main  consequences  must 
be  the  disappearance  of  NiCd  cellular  phone  batteries  from 
the  market;  however,  such  batteries  still  have  other  uses. 

Cd  banning  from  batteries,  as  proposed  in  some  Euro¬ 
pean  Directives,  is  apparently  more  and  more  distant  from 
becoming  feasible  [20].  Besides,  NiCd  batteries  have  estab¬ 
lished  recycling  processes.  Even  though  they  have  a  grater 
polluting  potential  than  NiMH  and  Lithium  ion  batteries, 
NiCd  batteries  have  a  completed  Life  Cycle,  and  there¬ 


fore,  could  be  considered  more  sustainable  that  the  other 
types. 

There  is  also  a  need  to  adopt  a  more  sustainable  develop¬ 
ment  for  the  energy  sector.  In  this  case,  NiCd  industrial  bat¬ 
teries  still  are  the  one  of  the  main  alternatives,  since  more  re¬ 
cent  systems,  such  as  the  ones  regarding  NiMH  and  lithium 
ion  batteries,  do  not  have  the  same  operating  characteristics. 

Thus,  one  of  the  alternatives  towards  a  sustainable  devel¬ 
opment  could  be  the  preparation  of  specific  recycling  goals, 
associated  with  a  management  structure  and  the  promotion 
of  the  collection  and  recycling  of  all  types  of  batteries,  with 
the  costs  absorbed  by  the  products  prices. 

Such  actions  would  improve  not  only  the  implementation 
of  environmental  education,  collection  and  recycling  sys¬ 
tems,  but  also  the  development  of  new  batteries,  easier  to  be 
recycled  and  containing  less  toxic  substances. 
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